er adults (men 13.2%; women 10.9%) had a significantly higher prevalence of self-neglect than white older adults (men 2.4%; women 2.6%). For those with less than high school education, the prevalence of the self-neglect was 14.7% in men and 10.9% in women. For those with an annual income of less than USD 15,000, the prevalence of selfneglect was 21.7% in men and 15.3% in women.
vices agencies [3, 4] . Although such reports make an invaluable contribution to the field, they likely represent the 'tip-of-the-iceberg' and more comprehensive and systematic studies are needed, so that the problem can be more precisely defined, better solutions developed, and appropriate policy established.
Prior studies from these cases reported to social services agencies suggest that these self-neglecting behaviors are associated with the increased burden of morbidity and premature mortality [5] [6] [7] [8] . Moreover, social services agency data suggest that minority older adults and those with lower levels of socioeconomic status may be at higher risk of being reported to authorities for these behaviors [4, 9, 10] . However, there remain significant gaps in our current understanding of the scope of these issues in representative populations. Improved understanding of these issues is critical to inform research, education, practice and policy to provide targeted prevention, screening and interventions within specific subgroups.
In this report, we build on the existing literature to examine the prevalence of self-neglect as well as specific self-neglecting behaviors across the sociodemographic and socioeconomic strata in a community-dwelling population of older adults.
Methods

Design and Participants
The study population consists of participants in the Chicago Health and Aging Project (CHAP), which is a population-based study in a geographically defined community population, and is designed to identify risk factors for Alzheimer's disease and other common chronic health problems in older age. Details of the CHAP study design have been described previously [11, 12] . Briefly, the study enrolled residents aged 65 years and older of adjacent neighborhoods on the south side of Chicago. The interviews include standardized questionnaires and home observational assessment of personal and environmental hazards. From 2007 to 2010, a total of 4,627 older adults participated in the CHAP study. Written informed consent was obtained and the study was approved by the Institutional Review Board at Rush University Medical Center.
Self-Neglect: Personal and Environmental Assessments
Personal and environmental observations were uniformly assessed by trained interviewers in 5 domains: hoarding; poor basic personal hygiene; house in need of repair; unsanitary conditions, and inadequate utilities. Hoarding was assessed by the presence of excessive accumulation of newspapers or magazines, boxes, bags, or bottles, accumulation of trash, and accumulation of pets. Personal hygiene was assessed by presence of dirty skin or nails, dirty or ungroomed hair, dirty cloth, and presence of fecal or urine smells. House needing repair included the assessment of interior walls or doors, stairs, flooring or carpets, bathroom or kitchen, appliances or lighting, and exteriors including windows, doors, and yards. Unsanitary conditions included being extremely dirty or cluttered, spoiled or rotten food, many dirty dishes, insect or rodent infestation, and foul odor. Inadequate utilities were assessed by inadequate heat or air conditioning for the house, inadequate water, and electrical services.
All 8 survey interviewers went through uniform training on these 21 items by the principle investigator and the project coordinator. Then, the project coordinator accompanied the survey interviewers during the first in-home interview. The assessment of self-neglect and its specific behaviors for any given participants were conducted by a single interviewer. The 21 items were assessed at the end of the CHAP population survey. Survey interviewers are retrained annually to ensure these standards are met and to reduce potential measure bias.
Reliability was assessed for each of the 5 domains with Cronbach's ␣ of 0.98 for hoarding, 0.98 for poor basic personal hygiene, 0.97 for unsanitary conditions, 0.98 for house in need of repair, and 0.97 for inadequate utility. Cronbach's ␣ was calculated as the squared correlation between observed score and the true score variance. Overall self-neglect was defined as the presence of any of the 5 domains in the areas of hoarding, poor basic personal hygiene, house in need of repair, unsanitary conditions and inadequate utilities. Content validity was measured by an expert panel of researchers, clinicians, and social services agencies. Construct validity was tested in the same study population and was found to be closely correlated with cognitive impairment (coefficient 0.10, p ! 0.001), physical function impairment (coefficient 0.05, p ! 0.001) and depressive symptoms (coefficient 0.12, p ! 0.001), further supporting its convergent validity.
Study Variables
Demographic variables include age (in years), sex, and race/ ethnicity. In this article, race/ethnicity is operationalized as black (non-Hispanic black) or white (non-Hispanic white). The race/ ethnicity variable was self-reported in accordance with the US census as well as other large-scale epidemiological studies, i.e. the Established Populations for the Epidemiologic Studies of the Elderly (EPESE) project. We also collected information from the participants on educational attainment (years of education completed), and annual income categories (in USD: 1 = 0-4,999; 2 = 5,000-9,999; 3 = 10,000-14,999; 4 = 15,000-19,999; 5 = 20,000-24,999; 6 = 25,000-29,999; 7 = 30,000-34,999; 8 = 35,000-49,999; 9 = 50,000-74,999, and 10 = 75,000 and over).
Statistical Analysis
Univariate analyses were performed to examine the study population across age groups (65-74, 75-84, and 85 or more years) and sex. Prevalence estimates were calculated for men and women across race/ethnicity, education and income levels. Approximate 95% confidence intervals for prevalence estimates were obtained by inverting the corresponding Wald test constructed using the standard errors. Logistic regression was used to model the likelihood of having overall self-neglect as well as the specific selfneglect phenotypes as the outcomes of interest. These models included variables of age groups, race/ethnicity, education and income as covariates and were estimated separately for men and women. In addition to the continuous variables of socioeconomic factors, this study constructed categorical variables to examine the levels of education and income and risk for elder self-neglect and its specific phenotypes. Socioeconomic variables were considered both as continuous variables as well as categorical variables (education: college, high school or less than high school; income categories: 6 7, 4-6, or ^ 3). Results are presented as odds ratios with 95% confidence intervals (CI). All analyses used 2-sided alternatives with p values of ! 0.05. All analyses were done using SAS [13] .
Results
Baseline Characteristics
In the total cohort, there were 4,627 older adults (1,645 men and 2,982 women). Table 1 summarizes the demographic, socioeconomic status, health status, cognitive function and depressive symptoms of the participants. In general, older age groups had relatively lower education, and income. This trend was similar for both men and women across these age groups.
Across race/ethnicity, the prevalence of overall selfneglect for black men was 13.2% (95% CI 11.2-15.3) and for black women 10.9% (95% CI 9.5-12.3; table 2 ). For white older adults, the prevalence of overall self-neglect for men was 2.4% (95% CI 1.2-3.6) and for women 2.6% (95% CI 1.7-3.6). For the specific hazards of poor hygiene, house in need of repair, unsanitary conditions and inadequate utilities, prevalence remained persistently higher for black than white older adults. Among men, the prevalence of self-neglect was more than 6-fold higher for black than white older adults (OR 6.21, 95% CI 3.55-10.86). Among women, the prevalence of selfneglect was more than 4-fold higher for black than white older adults (OR 4.52, 95% CI 3.01-6.80). Similar trends for race/ethnicity were found for hoarding, poor hygiene, house in need of repair, unsanitary conditions and inadequate utilities for both men and women (Appendix 1). For the levels of education, the prevalence of self-neglect for men was 6.0% (95% CI, 4.3-7.7) for those with 6 college education, 9.7% (95% CI 6.9-12.4) for those with high school education, and 14.7% (95% CI 11.5-18.1) for those with less than high school education ( table 3 ) . For women, the prevalence of self-neglect was 7.1% (95% CI 5.7-8.4) for those with 6 college education, 7.5% (95% CI 5.9-9.2) for those with high school education, and 10.9% (95% CI 8.5-13.3) for those with less than high school education. The prevalence of self-neglect increased significantly with each lower level of education (men: OR 1.14, 95% CI 1.09-1.19; women: OR 1.09, 95% CI 1.05-1.14). Similar trends for education levels were found for hoarding, poor hygiene, house in need of repair, unsanitary conditions and inadequate utilities for both men and women (Appendix 2). Figure 1 a demonstrates the odds ratio and 95% CI for the risk of specific personal and environmental hazards associated with lower levels of education.
For levels of income ( table 4 ) , the prevalence of selfneglect for men was 5.3% (95% CI 3.8-6.7) for those with annual income of more than USD 30,000, 12.2% (95% CI 9.6-14.9) for those with annual income between USD 15,000 and 30,000, and 21.7% (95% CI 15.4-28.1) for those with annual income of less than USD 15,000. For women, the prevalence of self-neglect was 3.3% (95% CI 2.2-4.5) for those with annual income of more than USD 30,000, 8.0% (95% CI 6.4-9.6) for those with annual income between USD 15,000 and 30,000, and 15.3% (95% CI 12.7-17.9) for those with annual income of less than USD 15,000. The prevalence of the self-neglect increased significantly with lower levels of income (men: OR 1.34, 95% CI 1.24-1.44; women: OR 1.22, 95% CI 1.25-1.42). Similar trends for income levels were found for hoarding, hygiene and other environmental hazards for both men and women (Appendix 3). Figure 1 b demonstrates the odds ratio and 95% CI for the risk for specific personal and environmental hazards associated with lower levels of income.
Discussion
Our study suggests that the prevalence of self-neglect and specific personal and environmental hazards was higher in black older adults and white older adults in a geographically defined urban community-dwelling aging population. In addition, the prevalence of self-neglect and specific personal and environmental hazards was higher among those with lower levels of education and income. CI was based on inversion of the Wald test constructed with the use of standard errors. Odds ratios were based on logistic regression estimated separately for men and women. xxx = Odds ratios could not be calculated based on the 0 prevalence of the indicators in any of the categorical definition of variables.
* p < 0.005.
Reports from the National Adult Protective Services Agency suggests these reported cases are on the rise [2] . In addition, the National Center on Elder Abuse reports that elder self-neglect is more common than all other forms of elder abuse, neglect and exploitations combined [1] . Prior studies suggest that hoarding is common among minority populations and the extreme clutter interferes with basic hygiene and poses dangerous circumstances for health and safety not only for older adults but also those surrounding them [14, 15] . However, only a fraction of these older adults accept social and supportive services from social service agencies, healthcare professionals, and other relevant aging disciplines.
Halliday et al. [16] conducted an environmental observational study of 91 clients requiring special cleaning services in an inner London borough, and found that physical disorders were common among higher levels of domestic squalor. Recent studies suggest that minority older adults and lower levels of socioeconomic status were common factors for older adults to be reported to Adult Protective Services. Although great paucity remains in our current understanding of the factors associated with self-neglect, existing evidence suggests that older adults who have encounters with Adult Protective Services may have significant nutritional deficiencies, untreated medical conditions, unmanaged pain, as well as premature morbidity and mortality [6, 8, [17] [18] [19] . Our study extends the existing literature. This is the first population-based study to systematically examine the issues of self-neglect and specific personal and environmental hazards in a diverse community, expanding the generalizability of the study findings. Our findings contrast prior studies based on case reports from the Adult Protective Services and further highlight the scope of the self-neglecting behaviors in a representative community population. In addition, our study provides a detailed estimate of the specific behaviors of hoarding, poor personal hygiene, house in need of repair, unsanitary conditions and inadequate utilities. Improved understanding of the scope of these specific personal and environmental hazards within the subgroups could inform practice and policy to safeguard these older adults.
Moreover, this study is the first to demonstrate the gradient relations between socioeconomic status and risk for these personal and environmental hazards. Healthcare professionals, social service agencies and other relevant disciplines that have frequent encounters with these older adults should pay particular attention to the personal and environmental hazards, which could negatively contribute to health and safety of an already vulnerable population.
The prevalence differences of self-neglecting behaviors among different sociodemographic and socioeconomic subgroups require further investigation. It is possible that there are significant differences in health-related factors that might contribute to the syndrome of self-neglect. There could also be differences in the onset of medical conditions, types of medical conditions, higher rate of medical comorbidities, and greater changes in the severity of medical conditions which could contribute toward the differences in prevalence findings [20] [21] [22] [23] .
The causal mechanism of the study findings requires further investigation. Even though our study findings demonstrate strength in the degree of association between race, education and income, there are likely other confounders or mediators not considered in our analyses. We did not have data on the severity of medical comorbidities (degree of congestive heart failure or diabetes control, severity of obstructive lung disease, etc.) that could have likely exacerbated the degree of self-neglecting behaviors. In addition, metabolic abnormalities, nutritional deficiencies, infections, injuries or trauma may be other factors that account for the observed association with self-neglect.
Moreover, there could be black and white health disparity that could have significantly mediated the potential casual mechanisms, such as access to health and healthcare professionals as well as racial trust in physicians and cultural competency in their communication with healthcare professionals. Furthermore, causal mechanisms for our observed findings could be mediated through the theory of cumulative disadvantage [24] . This theory suggests that individuals with higher education have more health resources including improved ability to avoid stressors and unhealthy lifestyles and thus have beneficial, cumulative effects on health with increasing age. These issues rooted in health disparities are important and should be subject to further investigation. Our study has limitations. First, we do not have information on the length of time to which these personal and environmental hazards have been in the household as well as any harm that could have resulted from these conditions. Future studies are needed to elucidate the consequences of these behaviors. Second, we did not have detailed information on the participant's perception of these personal and environmental hazards. Additional qualitative information could provide improved understanding of the setting and context of these behaviors. Third, there are likely other threats to validity that are not considered in this study. Future studies are needed to improve the internal validities of our study findings to elucidate the causal mechanism for elder self-neglect.
Fourth, we did not have information on the onset of medical conditions, severity of medical conditions, trajectory of decline in medical conditions, recent infections, metabolic abnormalities, illicit drug use and psychiatric diagnosis, which could be potential factors contributing to the behaviors of self-neglect. Fifth, the study did not have any information on the social service agencies' or healthcare professionals' interventions as the result of self-neglect or the effectiveness of these interventions in modifying these hazards and if the participants were willing to accept these interventions.
Sixth, we did not have comprehensive measures of socioeconomic status (i.e. occupation prestige, savings, quality of education, etc.) which could have operated differently by race/ethnicity and contributed toward the black and white differences in overall self-neglect and specific personal and environmental hazards. Future longitudinal studies are needed to quantify the temporal relations of socioeconomic status and self-neglect in representative populations.
Conclusion
In sum, self-neglect is a common but under-recognized and poorly understood problem in community older adults, especially among black older adults and among those with lower levels of education and income. Like other geriatric syndromes that are the result of the complex interaction between a variety of medical, psychological and social factors, these personal and environmental hazards are likely to develop and progress slowly over time [25] . Our findings inform the healthcare professionals, social service agencies and other relevant aging disciplines on the scope and nature of a pervasive public health issue. Future studies are needed to quantify the risk/protective factors and consequences of self-neglect phenotypes in order to better inform practice and policy on the screening, treatment and prevention strategies.
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